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[57] ABSTRACT 
Radioactive waste water containing boric acid is con 
centrated in an evaporator to which an alkali is added to 
maintain a substantially neutral pH. The boric acid is 
sedimented out by cooling the solution and an acid is 
added to the latter to increase the solids recovery by 
lowering the pH. The solid sediment is vacuum distilled 
to yield a moist powder. 

14 Claims, 1 Drawing Figure 
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METHOD OF TREATING RADIOACTIVE WASTE 
WATER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present invention relates to the commonly as 
signed patent application Ser. No. 132,084 ?led Mar. 20, 
1980 and corresponding to German patent document 
No. 29 11 272. ' 

FIELD OF THE INVENTION 

Our present invention relates to a method of treating 
radioactive waste water and, more particularly, boric 
acid-containing waste water produced by nuclear 
power plants. The invention is especially directed to 
improvements in the concentration of solids from such 
waste waters. 

BACKGROUND OF THE INVENTION 

As has been observed in the aforementioned copend 
ing application, nuclear electricity-generating plants 
from time to time must dispose of radioactive waste 
water which contains dissolved solids and particularly 
boric acid. It is known, as described in that application, 
to reduce the quantity of radioactive material which 
must be stored, by concentrating the waste water, i.e. 
evaporating H2O therefrom and thereby increasing the 
boric acid concentration to a level which is greater than 
that before the cioncentration step so undertaken and 
greater than the saturation concentration at room tem 
perature, the liquid then being cooled to precipitate out 
the boric acid. The precipitated solids can be separated 
from the supernatant liquid by decantation and the liq 
uid can be recycled to the evaporator in which the 
concentration step is effected. 
The evaporation is thereby carried out to a boric acid 

concentration which is less than the storage concentra 
tion at the evaporation temperature, but more than the 
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storage concentration at room temperature, thereby 1 
ensuring a signi?cant degreeof solids precipitation and 
sedimentation on cooling to room temperature. 
The apparatus for carrying out this process thus com 

prises an evaporator whose input side receives the 
waste water fed from the nuclear reactor or recycled 
waste water from the decantation step, and a storage 
vessel connected to the output of the evaporator and in 
which the cooling can be carried out to sediment out 
the solids, namely'the boric acid. The outlet of this 
storage vessel communicates with the inlet to the evap 
orator for recycling the decantate and a solids or slurry 
outlet can be provided at the bottom of this vessel so 
that the solids can be discharged. 
The waste water which is used in the earlier system 

and for which the present method has been found to be 
particularly effective, can contain up to about 4,000 
parts per million of boron, which is equivalent to 2.5 
weight percent of boric acid as solids. 

- In this earlier system, the solids were generally em 
bedded in a matrix of concrete, bitumen or synthetic 
resin directly upon withdrawal from the storage vessel 
or after storage. 

Because of the large quantities of the sedimented 
material which must be stored in many cases, the stor 
age capacity of the plant may be readily exhausted. 
This, of course, poses a major problem. 
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OBJECTS OF THE INVENTION 

It is the principal object of the present invention to 
provide an improved method of treating boric-acid 
containing radioactive waste water whereby disadvan 
tages of earlier techniques are avoided. 
Another object of this invention is to provide an 

improved method of treating such waste water 
whereby the storage volume which must be avilable for 
the boric acid solids can be substantially reduced and 
the economics of the process improved signi?cantly by 
comparison with earlier systems. Yet another object of 
this invention is to provide an improved method of 
concentrating boric acid waste water from nuclear 
power plants so that the solids are obtained in a condi 
tion which allows compact storage and practically any 
desired subsequent conditioning including the packag 
ing or treatments described in the aforementioned co 
pending application. 

SUMMARY OF THE INVENTION 

These objects are attained, in accordance with the 
invention, in a method of concentrating the solids of a 
boric-acid-containing waste water of a nuclear power 
plant wherein the water is evaporated to form a solution 
which is more concentrated in the boric acid solids and 
especially has a concentration of boric acid which is less 
than the saturation concentration at the evaporation 
temperature but more than the saturation concentration 
at room temperature, the solution is cooled to precipi 
tate out the boric acid which is sedimented from the 
solution and the supernatant liquid is separated from the 
sediment sludge as described, for example, in the above 
identi?ed copending application. 
According to this invention, however, the pH of the 

solution during concentration is held at approximately a 
neutral value and, after separation of the supernatant 
from the sediment sludge solution, the latter is trans 
formed into a damp powder by vacuum distillation after 
the pH has been dropped by the addition of an acidic 
substance to precipitate out additional boric acid. 
We have found that, by maintaining the pH substan 

tially at neutral during evaporation and thereafter de 
creasing the pH, we can markedly increase the quantity 
of boric acid which can be driven out of the supernatant 
liquid. The sediment which results, in addition, can be 
surprisingly effectively reduced in bulk by the vacuum 
distillation setup which leaves a moist powder. In this 
case, the apparatus described in the aforementioned 
copending‘application can be modi?ed to connect the 
solution outlet of the sediment with a vacuum distilla 
tion unit and to provide means for adding an acid lower 
ing the pH to the sedimentation vessel. Preferably, this 
acid is oxalic acid. 
The pH which might tend to be acid originally can be 

brought to the neutral level and maintained at neutral 
during evaporation by the addition of an alkali such as 
sodium hydroxide. 
An important advantage of this invention is that the 

concentration of the boric acid in the solution before 
sedimentation is initiated can be increased about two 
fold or more without danger that precipitation will 
occur in the evaporator and, moreover, the quantity of 
boric acid which is driven out of the solution can be 
increased and the precipitate or sediment sludge recov 
ered in a form which allows it to be transformed into the 
moist powder by vacuum distillation. 
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The moist powder can be stored in drums and sub 
jected to any kind of conditioning or packaging, includ 
ing the storage techniques described in the aforemen 
tioned copending application with even greater advan 
tage because, for example, the moist powder is more 
?rmly bound in concrete and like binders. The moist 
powder which is obtained has a signi?cantly smaller 
volume than the product previously obtained starting 
from the same waste water, thereby conserving consid 
erable space in the plant. 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects, features and advantages 
of the present invention will become more readily ap 
parent from the following description, reference being 
made to the accompanying drawing, the sole FIGURE 
in which is a ?ow diagram illustrating an apparatus for 
carrying out the method of the present invention. 

SPECIFIC DESCRIPTION AND EXAMPLE 

While the apparatus shown in the drawing has been 
.. represented in diagrammatic form, it will be apparent 

that the evaporator and settling vessel of this apparatus 
can be identical to the units described in the aforemen 
tioned copending application. 
The apparatus comprises an evaporator 1 and a stor 

age vessel 2 which also form a settling tank. A vacuum 
distillation unit is connected to the vessel 2. 

Boric acid containing waste water from a nuclear 
power plant is fed as represented by line 4 into the 
evaporator 1 from which H2O vapor is discharged at 9, 
thereby concentrating the solution. A pH detector 11 
monitors the pH of the solution in the evaporator 1 and 
controls a dispenser 12 which feeds a base, e.g. sodium 
hydroxide, via line 13 to the evaporator so that the pH 
is maintained approximately neutral. 
The concentrate is delivered via line 6 to the vessel 2 

and its pH is detected at 14, the pH sensor 14 controlling 
a dispenser 15 which feeds an acid into the vessel 2 to 
decrease the pH. The acid which is fed by a line 16 to 
the vessel 2 is preferably oxalic acid. 
As the solution cools, the boric acid precipitates and 

the supernatant liquid is removed as shown by line 5 and 
recycled to the evaporator. Line 5 communicates with 
vessel 2 at the upper half thereof. 
The sediment sludge is delivered via line 7 to the 

vacuum distiller 3 which can also be provided with a 
powder dispenser equivalent to the unit 15 for deliver 
ing a pulverulent acid to the vacuum distiller if any 
supernatant is carried over and before it is decanted. 
This dispenser has been represented at 17 and is con 

trolled in response to the pH detected by the unit 18. 
A radioactive waste water having a boric acid con 

tent up to 2.4% by weight is concentrated in evaporator 
1 while the pH value is maintained between 6.8 and 7.2, 
preferably 7.0 by the addition of sodium hydroxide. The 
sodium hydroxide can be added directly to the line 4. 

In the evaporator 1 the water is concentrated above 
the storage concentration at room temperature but 
below the saturation level at the evaporating tempera 
ture. 

Supply of sodium hydroxide or a solution thereof is 
maintained as long as evaporation is carried out to main 
tain this pH level. 

Concentrations of 40,000 to 90,000 parts per million 
of boron, corresponding to 24 to 54% by weight, can be 
achieved without visible precipitation. 
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4 
The concentrate is then introduced into the vessel 2 

in which it is cooled and the boric acid precipitated. 
The supernatant liquid can be recycled as described. 
While recycling of the supernatant is carried out, the 
acid is not added or the supernatant is treated as de 
scribed below. Generally, however, the supernatant in 
vessel 2 is treated with acid to drop the pH. 

If, for example, the oxalic acid is added to the vessel 
2 and is entrained in the recycled decantate, it is decom 
posed with permanganate added at 19, i.e. before the 
decantate enters the evaporator. 
The sediment sludge from the vessel 2, consisting of 

50 to 70% by weight boric acid, is heated in the vessel 
2 to a temperature of 50° to 60° C. and is then intro 
duced into the vacuum distillation unit 3 in which it is 
converted to a moist powder which is fed by a powder 
metering device 8 into drums. 
We claim: 
1. A method of treating radioactive waste water con 

taining boric acid, comprising steps of: 
(a) evaporating said waste water to a boric acid con 

centration above the saturation level at room tem 
perature but below the saturation level at the evap 
oration temperature to form a concentrate solution 
of boric acid; 

(b) maintaining the pH of said solution during the 
evaporation in step (a) at substantially neutral; 

(c) cooling the solution after evaporation in step (a) to 
precipitate boric acid from said solution and form a 
sediment sludge of boric acid; 

((1) separating said sludge from a liquid phase in 
which the pH is reduced to increase the precipita 
tion and settling of boric acid therefrom; and 

(e) vacuum distilling water from said sediment sludge 
to transform the same into a moist powder. 

2. The method de?ned in claim 1 wherein the pH 
during evaporation is held between 6.8 and 7.2. 

3. The method de?ned in claim 2 wherein the pH 
during evaporation is maintained by the addition of 
sodium hydroxide. 

4. The method de?ned in claim 1 wherein the evapo 
ration and the sedimentation of boric acid from said 
solution are carried out in spaced apart locations and 
said solution is transferred at a temperature above room 
temperature from the evaporation location to the sedi 
menting location. 

5. The method de?ned in claim 1 wherein precipita 
tion of boric acid from said solution is carried out by 
successively lowering the temperature of the solution 
and adding an acid thereto to reduce the pH. 

6. The method de?ned in claim 5 wherein the two 
precipitations of boric acid from said solution are car 
ried out separately with respective decantations of su 
pernatant liquid. . 

7. The method de?ned in claim 5 wherein said acid is 
oxalic acid. 

8. The method de?ned in claim 7 wherein supernatant 
liquid containing oxalic acid is recycled to the evapora 
tion step (a), further comprising treating the recycled 
supernatant with potassium permanganate. 

9. The method de?ned in claim 1 wherein the boric 
acid sedimentation and the vacuum distillation are car 
ried out at spaced apart locations and the sludge is 
heated and is in a ?owable state for transfer to the loca 
tion at which vacuum distillation is carried out. 

10. The method de?ned in claim 9 wherein the solu 
tion is heated to a temperature of 50° to 60°. 
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11. An apparatus for carrying out the method of 
claim 1 comprising an evaporator for concentrating 
boric acid in radioactive waste water, a sedimenting 
vessel connected to said evaporator for precipitating 
boric acid from a concentrate sludge formed in said 
evaporator, thereby sedimenting a boric acid sludge in 
said vessel, and a vacuum distiller connected to said 
vessel for receiving said sludge therefrom to transform 
said sludge into a moist powder. 
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12. The apparatus de?ned in claim 11 wherein said 
vacuum distiller is provided with a powder dispenser 
for ?lling said powder into a container therefor. 

13. The apparatus de?ned in claim 11, further com 
prising means for dispensing an acidic suspension into 
said vessel for reducing the pH of the solution thereof. 

14. The apparatus of claim 13, further comprising 
means for dispensing an alkaline substance into said 
apparatus for maintaining a substantially neutral pH 
therein. 
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